Zmena hniezdneho habitatu sokola rároha (Falco cherrug) mala vplyv na zloženie jeho potravy a hrozby pre populáciu na Slovensku v rokoch 1976 -2016 Abstract: In the period between the years 1976 to 2016 we monitored the nesting site distribution of two populations of saker falcon (Falco cherrug) concentrated in the highlands and adjacent lowlands of western and eastern Slovakia. In western Slovakia we recorded nesting by 56 pairs and 514 nestings, and in eastern Slovakia we observed nesting by 32 pairs and 245 nestings. There were similar nesting success rates in both regions, with pairs producing on average 3.2 young in every successful nest. During the monitored period as a whole a total of 1,788 young saker falcons were raised. At the same time all the pairs gradually resettled in the lowlands, and in the new environment the nesting success rate significantly improved (81.1% compared with 57.1 % in the highlands). This change of nesting biotopes was caused by the impacts of intensive exploitation and environmentally inappropriate forest management, with the accompanying excessive disturbance of nesting birds, but at the same time the disappearance of ground squirrel (Spermophilus citellus) colonies led to a change in the food spectrum for the observed saker falcon pairs. We evaluated the falcons' feeding habits in western Slovakia between the years 1977 and 2016 (49 pairs; 1-17 pairs/year) and in eastern Slovakia between 2009 and 2016 (12 pairs; 1-3 pairs/year). Altogether 17,669 prey items were identified. From 1976 onwards mammals (Mammalia, 19.8%, 24 species) became gradually less represented as a component in the falcons' diet compared with birds (Aves, 79.9%, 58 species). In areas of western Slovakia we found stable and predominant proportions of domestic pigeons (Columba livia f. domestica) ranging from 52% to 62%. The proportion of pigeons was distinctly lower in eastern Slovakia (31.5%), compensated for by larger shares of common vole (Microtus arvalis), common starling (Sturnus vulgaris), Eurasian magpie (Pica pica) and hooded crow (Corvus cornix). The common starling (9.5%) was a significant prey species in the lowlands of western and eastern Slovakia alike. Mammals were mostly represented by common voles (9.8%), European hamsters (Cricetus cricetus, 5.3%), ground squirrels (2.1%) and hares (Lepus europaeus, 1.6%). Changes over time in the composition of falcons' prey were also evaluated over five periods in western Slovakia.
Introduction
The saker falcon (Falco cherrug) inhabits the extensive steppe zone stretching from the Pannonian Basin eastwards through Moldavia, southern Ukraine, Russia and Kazachstan as far as the Asian steppes in southern Siberia, central Asia and western China. Outside the nesting period these falcons penetrate into western and southern Europe, the Middle East, western India and eastern China (Baumgart 1994) . The Asian population reaches levels of 8,000-17,000 pairs, nesting in 10 to 13 countries (Dixon 2009 ). The European population (640-720 pairs) makes up 7% of the world's total (Kovács et al. 2014) . With regard to Pannonia these falcons nest further north in Slovakia, to the west in southern Moravia (Beran et al. 2012) and Lower Austria (Frey & Senn 1980 , Zink et al. 2015 and to the south in Vojvodina, Serbia (Puzović 2008) . The centre of the European population is in Ukraine and Hungary (Bagyura et al. 2004 , Kovács et al. 2013 .
In western The principal causes of the decline in saker falcon numbers in their distribution area are considered to be firstly the reduction in availability of key prey species due to human activity, and secondly the direct weakening of the population through nest robbery for falconry purposes. In some places this decline represents a threat to the very existence of these falcons (Horák 2000 , Levin 2000 , Moseikin 2000 , Galushin et. al. 2001 , Karyakin 2001 , 2005 , Levin et al. 2010 , Štefanová & Šálek 2013 , Stretesky et al. 2018 ). This negative trend has however been successfully stopped in several countries, mainly in Europe, thanks to preservation activities, and the species has exhibited population growth in recent years (see e.g. Beran et al. 2012 , Gamauf 2012 , Gamauf & Dosedel 2013 , Zink et al. 2015 . On the other hand, in many countries with large falcon populations, the species continues to suffer decline (Kashkarov & Lanovenko 2011 , Galushin 2012 , Rajković 2016 .
The saker falcon is physically adapted to hunting animal prey on the ground and in the air, where it combines dynamic acceleration and flexible flight control. For this reason its preferred prey are small and medium sized diurnal landbased rodents and lagomorphs, predominantly ground squirrels (Spermophilus citellus in Europe, S. dauricus, S. erythrogenys, S. leptodactylus, S. relictus, S. pygmaeus, S. major, S. fulvus and Urocitellus undulatus in Asia); hamsters (Cricetus cricetus in Europe, Ellobius talpinus in Asia), voles (Microtus arvalis mainly in Europe, M. brandtii, M. gregalis, M. mongolicus in Asia), gerbils (Meriones meridianus, M. unguiculatus, Rhombomys opimus) and hares, but also pikas (Ochotona curzoniae, O. daurica, O. melanostomata) , marmots (Marmota sibirica, M. bobak) in mountain areas, and wood and field mice (Apodemus sylvaticus), rats, jerboas (Alactaga sibirica) and steppe lemmings (Lagurus lagurus). The proportion of mammals in the prey, while usually the principal diet component everywhere, naturally depends on their availability, so it differs seasonally, annually and regionally (Kovács et al. 2014) . Birds are generally less represented as the primary food, but they can make up from 30 to 60% of the falcons' diet during the nesting season (Kovács et al. 2014) . Older data on the saker falcon diet throughout its distribution area were summarized by Baumgart (1980) . In the Pannonian Lowlands the main prey in the past used to be mediumsized rodents such as ground squirrels and hamsters (Baumgart 1980) . Obuch & Chavko (1997) studied the falcons' diet in western Slovakia especially in the period from 1978 to 1995, when the majority of nests was still located in the highlands (Chavko 2002a) . and Chavko et al. (2014) then reported updated information about the species' diet in Slovakia. The situation has changed in Slovakia compared to the state found in those published works, and we have comprehensively reworked the data covering the whole monitored time period, focusing on finding the missing correlations between changes in nesting habitat, food sources and population threats. In addition we have supplemented data on trends in the falcon population and diet in eastern Slovakia. In this way we have potentially achieved our aim of documenting the development and composition of the saker falcon diet within the whole nesting population in Slovakia during the last forty years.
In Hungary the diet of this species has been studied for example by Bagyura et al (1994) and later also by Balázs (2008) . The typical feature of these falcons is kleptoparasitism (see e.g. Pfeffer 1994 , Braun & Lederer 1996 , Puzović 2008 .
The principal aim of this study was to describe the change in the saker falcons' preferred nesting habitat in two geographical areas of western and eastern Slovakia in the period between 1979 and 2016, namely their shift from the hills down into agricultural country. We compare the success rates of pairs nesting in trees and rocky outcrops with those nesting in boxes and on platforms attached to power line pylons in agricultural areas. We also track the range of prey hunted during the last 40+ years in the studied nesting sites of the falcon poppulation around Slovakia, and compare their diet compositions in several orographic regions in this country. We additionally focus on monitoring and identifying threats to the falcon population, and on directly implementing management measures for their mitigation.
Materials and methods
In the period from 1976 till 2016 we monitored the disribution of nesting sites of two populations of saker falcon in Slovakia, concentrated in the hills and adjacent lowlands in the western and eastern parts of this country. In western Slovakia we monitored the nesting of 56 pairs, and in the period 1976 to 2016 we recorded a total of 514 nestings.
In eastern Slovakia in the period 1979 to 2016 we monitored the nesting of 32 pairs, and in the monitored period we recorded a total of 245 nestings.
We evaluated the results of collections of saker falcon food remains between 1978 and 2016 taken from 49 pairs in western Slovakia (314 annual collections) and in the years 2009, 2010, 2015 and 2016 from 9 pairs in eastern Slovakia (15 annual collections).
Monitoring of nesting was performed using the direct observation method. In the autumn and winter seasons we mapped the nests in the selected upland areas. During spring we then verified their occupancy by direct observation and based on the falcons' behaviour (courting flights).
Since 1991 we have been working in cooperation with the Slovakian Power Transmission Grid (SEPS) to progressively create new nesting opportunities for falcons in the form of boxes fitted to pylons in in selected parts of preyhunting areas and known wintering sites.
We verified nesting and the occupancy of nests in trees and on electricity pylons by means of direct observation of all known nests and installed nestingboxes. In addition we also checked all relevant historical nesting sites, even if previously abandoned, to verify whether or not they had been newly reoccupied. We checked nest occupancy at least four times a year, and we checked every occupied nest or box physically by climbing up at least twice in every season, the first time in order to ring the young birds and the second time after the young birds flew from the nest in order to collect food remains. We paid special attention to finds of particular prey species indicating that the falcons also brought remnants of found carrion to their nests. Data obtained prior to 1975 from two abandoned nests in rocky outcrops, which have been included in the comparison of changes over time, were taken from our previous study (Obuch & Chavko 1997 ). In the same way for the purposes of this work we have made use of data from the study by . Their study presents only partial data with no details of saker falcons' diet in eastern Slovakia, and with no reference to the comprehensive comparison over time of the diets of individual pairs in various orographic areas.
Food remains were collected in eight orographic areas around Slovakia (Malé Karpaty Mts., Burda Mts., Borská nížina Lowlands, Podunajská rovina Plain, Trnavská pahorkatina Uplands, Nitrianska pahorkatina Uplands, Košická kotlina Basin and Východoslovenská rovina East Slovakian Plain). Nest and nestingboxes were cleared annually of all prey remains, so that samples taken in the following year were not spoilt with admixtures of remnants from the previous period. The osteological material obtained was treated with 5% Na-OH solution, then washed in water and prepared for identification. This was done using the jaws of mammals (maxilla and mandibula), for birds also with the humerus, metacarpus and tarsometatarsus, and particular body parts for lower vertebrates and invertebrates. Proportions of prey species in individual collections were established on the basis of the most numerous identified bones of particular prey species. In the case of birds the most frequently identified bone was the humerus. Collections of food remnants from nestingboxes were more comprehensive than those from tree nests, where part of the food remnants had always fallen into the vegetation on the ground. The authors estimate that during their monitoring of nests in the period from 1979 onwards they had around 95-97% of all nesting pairs in Slovakia under constant observation, and food samples were taken from 87.5% of all monitored pairs in western and 28% of pairs in eastern Slovakia. D a t a a n a l y s i s Data on the saker falcon diet were processed separately for each of the orographic areas, and subsequently they were compared with each other (seven groups, as the areas of the Malé Karpaty Mts. and Burda Mts. were evaluated together as one group). With regard to diet changes over time, five time periods were set up: prior to 1975, 1977-1989, 1990-1999, 2000-2009 and 2010-2016. The results of the diet composition research were evaluated using the calculation method of marked differences from the mean (MDFM, Obuch 2001) . They are presented in tables in which the ranking of prey species and samples is set up so that the diagnostic species with positive deviations from the mean create closed blocks. More numerous species with no clear deviations, i.e. evenly represented in all compared samples, are placed below the dotted line and ranked from the most to the least numerous. The diversity index H' was calculated using the formula of Shannon & Weaver (1949) . The Zber database program (Šipöcz 2004) was used in compiling the tables.
The predominance of species in the food spectrum in particular years (seasons) was calculated based on the work of Losos et al. (1985) , i.e. as the percentage representation of individual species in the given year (season) in the monitored nests.
In order to visualize the differences between food remnants we used indirect gradient analysis (principal component analysis, PCA), since the gradient length found with detrended correspondence analysis (DCA) had a value of 1.166. We used relative numbers (predominance) of identified prey species as our input data at the level of individual time periods and/or orographic areas. Data were processed for 47 prey species, seven orographic areas and/or five time periods. For PCA analysis we used square root transformation of the species data. In the scaling we focused on interspecies correlations. The data were centred within the samples (in our case: locations, years). The analyses were carried out using CANOCO 4.5 software (Microcomputer Power, USA; TerBraak & Šmilauer 2002) .
The nesting success rate was set as the ratio of successful nests to the total number of monitored nests in particular years, and it was tested using the χ 2 test. Analysis was performed using the Statistica 7 program (Statsoft, USA).
Results
P o p u l a t i o n t r e n d a n d n e s t i n g s u c c e s s r a t e In the period 1976-2016 nesting by 88 pairs of saker falcons was recorded in Slovakia (altogether 759 nestings) . Of these in that period 56 pairs nested in south western Slovakia and 32 pairs in southeastern Slovakia. In western Slovakia 196 nestings were recorded in the hills and wetland forests and 318 nestings in the lowlands on agricultural land (Fig. 1 ). In eastern Slovakia 27 nestings were monitored in the hills and 218 in lowland agricultural areas in the period 1979-2016 ( Fig. 2) .
During the monitored period a change in the saker falcons' preference for nesting habitat was recorded. While at the beginning of the monitored period all pairs in both western and eastern Slovakia nested in upland forest environments, over time they gradually resettled in agricultural country, and they started using boxes and platforms installed on power line pylons for their nesting (Figs. 3, 4, 5a, 5b) . We recorded the first nesting in farmland in western Slovakia in 1988, the falcons using an old crows' nest on a pylon, and we assume that the As a result of the resettlement of the monitored saker falcon pairs from the hills and wetland forests into agricultural countryside, there have been changes in the borders of their nesting areas. The dimensions of that area in western Slovakia have however remained almost unchanged: the original area extended over 355,247 hectares while the area occupied by pairs in the lowlands was 395,692 ha. In eastern Slovakia the current extent of the nesting area in agricultural country has become slightly smaller than the original one in the hills: 186,426 ha vs. 123,419 ha ( Fig. 6, 7) .
During the whole study period a total of 1,788 saker falcon young were raised in all types of nest in both monitored regions. Significantly higher nesting success rates were found for falcons nesting in agricultural country compared with the nesting sites in the hills, and this is true for both studied geographical areas (eastern as well as western Slovakia) , and moreover when the data were combined (χ 2 = 37.94, P < 0.001). In agricultural country the average success rate was 81.1% for all nests with 2.7 young raised per nest overall, or 3.3 young for each successful nest. In the hills the average was 1.7 young flying per nest overall, or 2.9 young from each successful nest, the proportion of successful nests being just 57.1% overall.
In the monitored period the nesting success rate for saker falcons nesting in boxes on pylons was significantly higher than for pairs nesting in the past in natural nests in upland areas (81.1% compared to 57.1% respectively), and pairs nesting in boxes were also more productive, with a higher average number of raised young for each successful nest (3.3 compared to 2.9 young for each successful nest respectively). The two monitored populations, although 250 to 300 km distant from each other, displayed almost identical longterm average success rates. The west Slovakian population had average success rates of 2.4 young per nest overall and 3.2 young per successful nest, and in the east Slovakian population the figures were 2.3 and 3.2 young per nest respectively (Appendix 1, 2).
F o o d
From all the saker falcon pairs we monitored we obtained samples of 17,669 prey items from 61 different nests (45 in farmland, 16 in uplands and wetland woods). Mammals (Mammalia, 19.8%, 24 species) became from 1980 onwards a progressively less important component of the falcons' diet compared to birds (Aves, 79.9%, 58 species). There was an occasional occurrence of amphibians (Amphibia, 3 species: Rana cf. esculenta, Bufo bufo, Pelobates fuscus), reptiles (Reptilia, 1 species: Lacerta agilis) and fish (Pisces, 1 unidentified instance); invertebrates were represented mainly by Coleoptera (0.1%).
The most frequently hunted prey species was the domestic pigeon (Columba livia f. domestica), which made up on average 57% of the food spectrum throughout the monitored period. The next most frequently hunted prey were starlings, common voles and hamsters (Tab. 1).
Comparing the prey compositions in the five separate time periods, we were able to plot the changes connected with resettlement of the saker falcon populations from the hills down into open countryside. The indirect ordination diagram produced from PCA differentiates the food spectrum found up until 1975 from the prey remnants collected in the later periods (Fig. 8 ). The period prior to 1975 was characterized by a relatively low share of domestic pigeon (16.8%) and a higher proportion of wild pigeons Columba oenas and C. palumbus. Before 1975 there was considerably greater diversity of prey species (H' = 2.45) compared to the last forty years, during which the diversity index varied Slovakia (1976 Slovakia ( -2016 and in eastern Slovakia (1979 Slovakia ( -2016 (7) . Blue colour indicates the original area of nesting distribution up until 2008 (6) and 1996 (7), and yellow indicates the area of nesting distribution 2002-2016 (6) and 1991-2016 (7) . Nesting sites where no sample collection took place are marked in red. Obr. 6 -7. Distribúcia hniezdisk sokola rároha a územné zmeny hniezdneho rozšírenia na západnom Slovensku (1976 -2016) (6) a na východnom Slovensku (1979 -2016) . Modrou je vyznačený pô vodný areál hniezdneho rozšírenia do 2008 (6) a 1996 (7) a žltou je vyznačený areál hniezdneho rozšírenia v období 2002 -2016 (6) a 1991 -2016 (7). Červenou far bou sú vyznačené hniezdiská, kde nebol vykonávaný zber vzoriek. Sorex araneus (5-1; 2-3; 6-1; 7-1), Sorex minutus (7-1), Crocidura leucodon (2-2; 4-1; 7-1), Crocidura suaveolens (2-1; 7-1), in the range from 1.45 to 1.80 with indirect dependence on the share of domestic pigeon from 66.5% to 55.0%. The share of domestic pigeons culminated during the decade 1990-1999, and then gradually declined to a minimum in the period 2010-2016 (Tab. 2). The shift of nesting pairs down into agricultural country is associated with changing preferences among the falcons for certain mammal species, whose share in the falcons' diet then rose (e.g. Microtus arvalis, Lepus europaeus, Cricetus cricetus, Nyctalus noctula and Talpa europaea), and similarly the representation of the common pheasant Phasianus colchicus also increased during the decade 2000-2009. In contrast, while the saker falcons nested up in the hills, the species more often found in their diet were Sciurus vulgaris, Sturnus vulgaris and Turdus philomelos. During the first periods of monitored nesting, 1977-1989 and 1990-1999 , the proportion of species Spermophilus citellus, Streptopelia turtur, Perdix perdix and Vanellus vanellus gradually declined, while the species Coturnix coturnix, Alauda arvensis, Garrulus glandarius and Turdus merula maintained similar relative proportions throughout the time periods being compared (Tab. 2).
We also found differences in diet composition among the saker falcons nesting in the separate orographic areas of Slovakia. Comparing their food in the individual time periods, we found a difference in the analyzed samples between nests in the orographic areas of western and eastern Slovakia. Despite the clearly highest proportion of the domestic pigeon in the falcons' diet in all types of countryside, in western Slovakia they hunted a roughly twofold greater number of domestic ◄ Eptesicus serotinus (5-1), Muscardinus avellanarius (5-1), Apodemus sp. (3-1), Arvicola amphibius (1-2; 2-1; 3-1; 6-1), Terricola subterraneus (5-1; 7-1), Vulpes vulpes (2-1), Mustela erminea (7-1), Capreolus capreolus (5-1; 1-1; 2-1; 4-1), Artiodactyla sp. (6-1; 7-1), Anas platyrhynchos (1-1; 2-2), Anas crecca (2-2), Gallus gallus dom. (2-1; 6-1), Rallus aquaticus (2-1), Crex crex (2-2; 4-1; 7-1), Pluvialis apricaria (5-1), Tringa totanus (5-1), Philomachus pugnax (2-1; 3-1), Scolopax rusticola (5-1; 2-1), Larus canus (5-2), Larus michahellis (3-2), Tyto alba (4-1), Asio flammeus (4-1), Apus apus (5-1; 3-1; 6-1), Melopsittacus undulatus (5-1; 2-2; 3-1; 4-1), Psittacidae (2-2; 3-1; 4-3), Dendrocopos major (5-1), Dendrocopos sp. (5-1), Lullula arborea (3-4), Galerida cristata (5-2; 7-1), Motacilla alba (7-1), Bombycilla garrulus (5-1), Lanius collurio (4-2), Turdus iliacus (3-1), Turdus viscivorus (5-2; 1-1; 2-1), Parus major (5-2; 7-1), Emberiza citrinella (5-1), Fringilla coelebs (1-1; 2-1; 4-1; 6-1), Carduelis carduelis (2-1; 7-2), Carduelis spinus (2-2; 6-1; 7-1), Carduelis cannabina (3-1; 7-1), Carduelis chloris (5-1; 7-1), Pyrrhula pyrrhula (5-1), Loxia curvirostra (5-1), Passeriformes (5-21; 1-11; 2-7; 3-2; 4-4; 7-3), Aves (3-1), Aves juv. (2-2; 4-2), Pelobates fuscus (7-1), Bufo bufo (7-1), Pelophylax cf. esculentus (3-1), Pisces (1-1), Gryllotalpa gryllotalpa (7-2). pigeons than in eastern Slovakia, where their lower share was compensated with higher representation of the common vole (Tab. 3). This difference was confirmed by the results of our PCA analyses, the ordination diagram from which separated the east Slovakian orographic areas from the western ones ( Fig. 9 : the first two axes explain 90.3% of species variability: first axis 70.3%, second axis 20%). The cluster of species in the righthand part of the graph along the first ordination axis may be characterized generally as the prey of saker falcons which is typical for its higher representation in eastern Slovakia (Košická kotlina Basin, Východosloven ská rovina Plain). This applies mainly to the common vole, whose diet share rises from west to east from The character of some of the animal remains brought by saker falcons to their nests as food led us to conclude that they could not have been hunted, but found as cadavers (Figs. 10, 11, 12) . Body parts from adult hares, hacked off limbs of roe deer (Capreolus capreolus), the head of a fox (Vulpes vulpes) and remains of pheasants could have been picked up after being killed during mowing or harvesting, or by road traffic. Dead animals might also have been taken from other raptor species. 
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Differences were also found in the composition of the food spectrum of individual pairs (Appendices 3-6). Some pairs in western Slovakia specialized in hunting blackheaded gulls. In this part of the country remains of these gulls were found more frequently in the boxes of pairs nesting close to municipal rubbish dumps, where the gulls were regularly concentrated in large numbers. There was also an interesting find of remains from two yellowlegged gulls (Larus michahellis) in the box of a west Slovakian pair nesting near a rubbish dump visited by flocks of these gulls.
Discussion
Throughout the period between 1976 and 2016 we monitored the distribution of nesting sites of two saker falcon populations concentrated in upland areas and adjacent lowlands in western and eastern Slovakia. In the former area we recorded nesting by 56 pairs with a total of 516 nestings, and in the latter area we observed nesting by 32 pairs with a total of 246 nestings. The Fig. 10-12 . Saker falcon female bringing a hackedup hare killed during mowing of meadows. This way of acquiring prey was relatively frequent among these falcons (10). Part of a severed limb from a roe deer (Capreolus capreolus) in a box occupied by saker falcons. Deer remains, most frequently young animal limbs, were always found in the form of hackedup body parts (11). Head of a fox (Vulpes vulpes) found in a box occupied by saker falcons. We may assume that this was another case of broughtin carrion (12). Obr. 10 -12. Samica sokola rároha priniesla posekaného zajaca usmrteného pri kosení trávnych porastov. Tento spôsob získavania koristi bol u sokolov rárohov pomerne častý (10). Časť useknutej končatiny srnca (Capreolus capreolus) v búdke obsadenej sokolom rárohom. Zbytky srnčej zveri, najčastejšie končatiny mláďat, boli náchádzané vždy v podobe posekaných častí tiel (12). Hlava líšky (Vulpes vulpes), nájdená v búdke obsadenej sokolom rárohom. Možno predpokladať, že aj v tomto prípade bol prinesený nález kadáveru (12). J Chavko J Chavko nest ing success rates were similar in both regions, the pairs producing an average of 3.2 young in each successful nest. Altogether 1788 young saker falcons were raised in the monitored period as a whole. We evaluated the results of collections of the falcons' food remains from 49 pairs in the area of western Slovakia in the period 1977 to 2016, and from 12 pairs in eastern Slovakia in the years 2009, 2010, 2015 and 2016. Altogether 17,669 prey items were identified. From 1980 onwards mammals (Mammalia, 19.8%, 24 species) became gradually less represented as a component in the falcons' diet compared with birds (Aves, 79.9%, 58 species). In areas of western Slovakia we found stable and predominant proportions of domestic pigeons ranging from 52% to 62%. The proportion of pigeons was distinctly lower in eastern Slovakia (31.5%), compensated for by larger shares of common vole, starling (Sturnus vulgaris), Eurasian magpie (Pica pica) and hooded crow (Corvus cornix). The common starling (9.5%) was a significant prey species in the lowlands of western and eastern Slovakia alike. Mammals were mostly represented by common voles (9.8%), European hamsters (5.3%), ground squirrels (2.1%) and hares (1.6%) (Tab. 1).
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For comparison purposes we also made use of collections from two abandoned nests on rock outcrops in the Malé Karpaty Mts., which were occupied by saker falcons prior to 1975. Through comparison of prey compositions in individual time periods it is possible to track the changes connected with resettlement of the saker falcon population from the hills down into open countryside (Tab. 3). The indirect ordination diagram produced by PCA distinguished the food spectrum found before 1975 from the prey remains collected in later periods (Fig. 9 ). The period prior to 1975 was characterized by a relatively small share of the domestic pigeon (16.8%) and a higher proportion of wild pigeons Columba oenas and C. palumbus. Before 1975 there was substantially higher diversity of prey species (H' = 2.45) compared with the last 40 years, during which time the diversity index has ranged between 1.45 and 1.80, being indirectly dependent on the proportion of C. livia f. domestica. Declining from 66.5% to 55.0%. The share of domestic pigeons peaked in the decade 1990-1999, then gradually declined to a minimum in the period 2010-2016 (Tab. 2).
The change in nesting preferences among saker falcons and their shift from upland nesting sites into open agricultural country, where they make use of boxes and platforms on power line pylons for their nesting, may be explained by their high degree of flexibility and adaptation to new conditions. Their survival in the conditions of this country, however, was dependent on support from human management measures such as the creation of new nesting opportunities (Bagyura et al. 2010 , Beran et al. 2012 , Rahman et al. 2016 . Potential areas were identified in lowland regions all around Slovakia, and altogether 350 nesting boxes were installed on electricity pylons where all pairs in both populations progressively resettled, and a new distribution of nesting sites and feeding territories was established. The upland areas of southwestern and southeastern Slovakia in fact belong among the historically familiar nesting areas of the saker falcon, where the first specific nest finds date from the second half of the 19th century. The core area in western Slovakia was the Malé Karpaty Mts. range, where nesting was first confirmed back in 1931 (Janda 1932 ) and further information about nest finds or observations of young flying from nests date from 1946 , 1949 , 1953 , 1951 and 1954 (Brtek 1956 , Matoušek 1956 ). Ferianc (1964) estimated the number of saker falcons in the Malé Karpaty Mts. during the 1950s and 60s at six pairs. The first nest in western Slovakia though was formally documented in the years 1885 and 1886, on the rock outcrop of Devín Castle near Bratislava. Nests were also found in the Danube wetland forests in 1928 , 1933 and 1934 (Kunszt 1929 , Matoušek 1933 , Csiba 1959 , and between 1951-1959 one or two pairs of saker falcons nested in the Šúr nature reserve near Bratislava, where specific nest finds were reported as well (Brtek 1956 , Hell 1958a ,b, Ferianc 1964 . Later nesting was also confirmed in the Považský Inovec range (Hell, 1958a , b, Soviš & Šindár 1964 , Varga 1969 , the Strážovské vrchy Hills, the Biele Karpaty Mts. and Pohronský Inovec aMts. gain (Soviš & Šindár 1964) . The first information about saker falcons nesting in eastern Slovakia (Slovenský kras Karst area) was published between the years 1860 and 1870 (Tschusi 1887). Further known data on nesting in that upland area date from 1931 (Lokcsánsky 1931), and then from 1951 and 1958 (Mošanský 1974) . Nesting in eastern Slovakia was comprehensively researched by Mošanský (1974) . According to his results, these falcons nested in the Slovenský kras Karst area and the Slanské and Volovské vrchy Mts. In the Slovenský kras Karst they occupied nests on rock outcrops, and in the Slanské vrchy Mts. they nested on rocks and in trees as well.
The great increase in numbers of nests on pylons indicates that lowland biotopes are still trophically attractive for saker falcons, despite the worsening state of diversity among food sources (Karp et al 2012) . On the other hand we can state that their original nesting conditions have practically disappeared throughout Slovakia as a result of excessively intensive economic exploitation of their previous home habitats ). An analogical situation of reduction in trophical and topical conditions, is becoming more and more serious in other European states as well (Donald et al. 2001 , Butler et al. 2010 , Vermouzek & Zámečník 2017 . The installation of boxes on pylons has led to a clear improvement in nesting conditions for saker falcons across the intensively farmed lowlands (Zink & Izquierdo 2012 , Chavko et al. 2014 . As a result, the availability of food may now be considered as the most significant motivating factor for reproduction and successful nesting, which correlates directly with the range of nesting opportunities and the level of incidence of threats (especially human disturbance and birdrelated criminality. The main reason for the falcons' resettlement however was the disappearance of most of the colonies of ground squirrel (Ambros 2008) within range of pairs nesting in the hills. Flying to and fro deep into the lowlands gathering food became too demanding and inefficient in terms of the birds' energy, which naturally led to resettlement closer to their food sources.
Analogical changes have also taken place in the nesting site distribution of the eastern imperial eagle (Aquila heliaca) in eastern Slovakia. Since 2016 all of the pairs have moved out of the hills and now nest solely in lowland agricultural areas (Danko 2016) . In their case too the principal reason was probably the disappearance of the majority of ground squirrel colonies just below the uplands, so the imperial eagles were also forced to resettle deeper in the lowlands in agricultural country where the population of European hamsters was still preserved and poplar stands (mainly poplar windbreaks planted out in the 1960s) provided them with sufficient and suitable nesting places. Influence of the return and spread of peregrine falcons (Falco peregrinus) on the occupancy of original saker falcon nests has not been confirmed, and evidently did not influence the end of their nesting in the uplands either. It has been demonstrated that the first known pair of peregrine falcons took over a nest on a rock outcrop in the Malé Karpaty Mts. (after the last known nesting in 1977) as late as 1994 (Chavko 2008) . In that year there were still six saker falcon pairs using tree nests in that range, and no interspecies territorial conflicts were observed. A similar situation also developed in the Slanské vrchy Hills and in the Slovak Karst, where several saker falcon nests on outcrops were occupied by peregrine falcons, but this happened at a time when the saker falcons were already using nesting boxes on pylons in the lowlands.
The success rate levels of 2.4 young per nest on average for all nests and 3.2 young per successful nest recorded in Slovakia are very similar to the levels reported in the surrounding countries (Bagyura et al. 2004 , Beran et al. 2012 . Differing parameters of the prey spectrum apparently do not significantly influence the nesting success rates, and it has been shown that nesting pair numbers and size of area of nesting distribution are influenced to a decisive degree by the sufficiency and range of prey during the reproduction season (Dixon 2009 ).
One of the significant negative factors which reduced saker falcons' nesting success rates in the past was nest robbery. The first information about nest robberies in the Malé Karpaty Mts. was published by Ferianc back in 1977, who stated that the impact of falconry and commercial interests had already led to stagnation in progress of the species, and that saker falcons had stopped nesting in the Malé Karpaty Mts. in 1973. During monitoring of the population studied in western Slovakia between the years 1976 and 2006 there were 28 recorded instances of suspected nest robbery (Appendix 7). The number of cases included only those involving pairs which had evidently nested, but the nests were later found empty with marks of climbing on the tree trunks. The real number of robberies was probably higher, because some nests may have been robbed early, just at the time of egglaying, and we would not necessarily have discovered such cases. Our estimate is that between 1965 and 1999 as many as 175 nests were robbed (Chavko 2002a) . The greatest threat due to nest robbery appeared after 1988, putting the survival of the saker falcon population itself at risk, as at that time it consisted of just 7-11 pairs. For this reason from 1991 till 1994 all occupied nests in the Malé Karpaty Mts. were physically guarded round the clock. This guarding was performed on shifts by hundreds of trained volunteers, mostly Czech and Slovak students. We recorded several attempts at robbery even of the guarded nests, but thanks to the wellorganized nest protection the robbers did not succeed in taking anything at all. In the years immediately following the attempts stopped completely, and later there were only occasional cases. The last suspected robbery was recorded in 2006. We assume that this robbery ceased here mainly because after the dissolution of the Soviet Union, falconers' interest in young taken from the wild became focused on countries with populations of falcon species with greater body weight, for example Kazachstan (for more see Kovács et al., 2014) , and moreover saker falcons were superseded in falconers' collections above all by peregrine falcons and gyrfalcons (Falco rusticolus) and crossbreeds of these. Large falcons (Falco rusticolus, Falco peregrinus, Falco cherrug) living in the wild are threatened mainly due to megalomaniac breeding by Arab falconers and the resulting commerce with birds, and by the involvement of raptor collectors from other countries (Levin 2000 (Levin , 2008 .
The most significant current threats to the maintenance of stability and nesting success rates within the saker falcon population in Slovakia may be considered as the environmentally inappropriate manner of intensive agricultural and forestry exploitation of the countryside, and then certain other kinds of birdfocused criminality, primarily illegal culling by shooting and poisoning. The problem is considerably exacerbated by the insufficient level of law enforcement and by the ignoring or lack of application of international conventions dealing with the protection of biotopes and endangered species.
The original biotopes of the saker falcon were grassland steppes, which have progressively given way to agricultural landuse, and practically disappeared in Slovakia after the 1950s and 60s with the exception of small areas of meadows and pasture land (Chavko 2002a) . One of the consequences of the postwar changes in political orientation was a significant reform of the strategy of agricultural landuse. Political decisions on consolidation and collectivization produced large blocks of land adapted for mechanized farming, but resulting in unsuitable changes to biotopes, the effects of which persist to the presentday. We can state, therefore, that the saker falcon now nests and acquires its food in secondary, nonoriginal and altered biotopes. These factors have also had significant impact on the diversity and numbers of the dominant prey species, causing a drop in both. The first species to disappear from the countryside was the ground squirrel, and recent years have also seen a decline in the common hamster. There has been considerable reduction in the small animal count as well, especially partridges, pheasants and hares (Bro et al. 2000 , Newton 2004 ). The influence of chemical elimination of small, groundbased mammals has been particularly negative, above all of the common vole. It was not possible to precisely quantify the impact of poisoning in our research framework, but we definitely recorded the end of nesting by a specific pair of falcons in the Trnavská pahorkatina Uplands (western Slovakia) which had been nesting in the vicinity of around 200 hectares of lucerne fields with large numbers of common voles. We observed them hunting here, the male primarily hunting voles and taking them back to the young. In the very course of their nesting pesticide was applied against the voles, and nesting by this pair of falcons ceased in 2016. There has been particular impact on biodiversity and consequently also on quantity and range of prey due to extensive agriculture (Vermouzek 2017) .
There is a persistent threat to the falcons from the dogma of the harmful influence or raptors on small animal species. There is a rising trend in finds of illegally killed raptors, which only intensifies the problem of growing vulnerability in the population of these birds. In all parts of Slovakia, with the exception of the builtup areas of towns and villages, people are intensively pursuing their hunting rights. In our monitored period between 1976 and 2016, above all in the lowlands, every year there were numerous instances of birds of prey being killed predominantly by illegal means, whether shooting, poisoning or trapping. Apart from serious injury, the use of lead shot also causes secondary poisoning, but illegal prey poisoning represents a more serious threat to the saker falcon (Kovács et al. 2014 ). All of the falcons' nesting areas in the lowlands are intensively used by hunters, and in most cases we encountered their incomprehension with regard to the importance and irreplaceability of raptors in our ecosystems akia in which the use of poison was suspected, but it was not possible to specify the source or the cause of the poisoning. Our assumption is that poisoning and illegal shooting represent an essential threat to the stability of the west Slovakian saker falcon population and other mainly carrioneating species of raptor. Furthermore, the large proportion of domestic pigeons in the saker falcon diet is establishing in them an increasingly dangerous dependence on this kind of prey, evoking unfriendly reactions among pigeon fanciers which may in future become a definite threat to sakers, similarly as for peregrine falcons already (Chavko 2002b) .
During the course of the monitored period we recorded three deaths resulting from collisions with electric power lines. Lightning strikes on pylons caused the deaths of four young in one nesting box in western Slovakia, and a total of nine young in three boxes in the eastern part of the country. The greatest threat in this context however may be seen in shortcircuits on the crossbars of poles on 22 kV overground power lines, on which we recorded the deaths of 14 individuals altogether. These mediumvoltage lines threaten the falcon population throughout Europe, with thousands of kilometres of power lines crossing all of their nesting and migrating territories (Chavko 2002a , Beran et al. 2012 , Kovács et al. 2014 . It may be assumed namely that the said finds are only an indication of the extent of bird injuries on power lines, and that the real mortality rate will be substantially higher. A considerable majority of killed individuals fails to be recorded, mainly because a large proportion of them tends to be removed by predators (Vulpes vulpes, Meles meles), so only a fraction of the true number of bird deaths is registered. Increased attention is being paid to this problem in Slovakia at the present time, as a result of which 62,000 power line pylons have been ecologized, around one third of which (18,000) stand in the home territories of the saker falcon (Gális et al. 2018 (Gális et al. , 2019 .
Initial growth in the number of saker falcon nesting sites in Slovakia in the late 1980s later gave way to stagnation in the numbers of nesting pairs, which was probably linked with changes in the range and availability of prey. The greatest share of prey now consists of domestic pigeons, while species such as ground squirrel, hamster, vole, partridge and lapwing, which might compensate for seasonal or local lack of pigeons, are reduced to minimum availability as a result of environmentally inappropriate agricultural practices. The distinct drop in numbers of these species most likely underlies their reduced share in the falcons' diet during the first monitored nesting periods 1977-1989 and 1990-1999 . This is probably a manifestation of the effect of the ongoing decline in biodiversity, and thus also of the decline in density of other species which are potential prey for the saker falcon. In eastern Slovakia the low number of nesting sites persists, which for a long time has not exceeded the annual frequency of 12 nesting pairs. Domestic pigeons are represented with a share of just 31.5% in the saker falcon diet in eastern Slovakia, i.e. one half of their share in the western part of the country. The availability of dominant prey species has also dropped considerably in eastern Slovakia, and the lack of small mammals is now equally serious, particularly the growing lack of ground squirrels as well as of common hamsters. Currectly prospering saker falcon pairs probably occupy only those biotopes which are viable from the points of view of prey availability and relative safety from predator threats, in this case mainly kleptoparasitism by the numerous population of imperial eagles in eastern Slovakia. The lack of suitable food meant that in nests of the east Slovakian population we found remains of small prey species apart from voles, for example also lizards (Lacerta agilis) and beetles (Coleoptera). The numbers of finds of small, landbased mammals, songbirds and other small creatures must be considered as clearly underestimated, however. After feeding there were only very small amounts of their remains left in the nests, and this also influenced the counts recorded. Very small prey was often totally consumed, and was then digested without remains in the birds' guts.
Similarly as in our study, higher incidence of birds in the falcons' diet is also found in certain other areas around Europe, for example in France, Croatia, the Czech Republic and Hungary (Kovács et al. 2014) , but also in the Middle East (Izrael), or in China (Wu 2011) , where the proportion of birds was found to be 52% (44% when recalculated as biomass). On the other hand, mammals are still a dominant diet component in Romania and Bulgaria (Baumgart 1971) , and mainly in Asia. In central Kazachstan the redcheeked ground squirrel (Spermophilus erythrogenys) and great gerbil (Rhombomys opimus) form the dominant component (together almost 50%) in the saker falcons' diet (Nedyalkov et al. 2014) These are mediumsized mammals like those which used to form the dominant diet component in Slovakia in the past (Chavko et al. 2014) . Similar incidence of mammals (together up to 70%) is reported in Mongolia (Gombobaatar et al. 2006) , of which the dominant prey is Brandt's vole (Lasi-opodomys brandtii; equivalent to common vole in the conditions of central Europe). These data suggest that the saker falcon is a species which focuses primarily on hunting mammals, and it is a form of secondary feeding opportunism which has made it adapt to the local availability of prey, which in central European conditions means mainly pigeons (Balázs 2008 , Papp & Balázs, 2010 . Pigeons are otherwise known as the preferred prey during the winter months, when in the case of insufficient food in their nesting areas the falcons move to their wintering grounds where there are higher concentrations of prey (Baumgart 1991 , Snow and Perrins 1998 , Ferguson Lees & Christie 2001 , especially pigeons in the vicinity of larger towns and farms.
In western Slovakia we recorded specialization in hunting seagulls among some saker pairs, especially the blackheaded gull (Chavko et al. 2014) . Similar specialization was found by Horák (1998) in southern Moravia. The latter observed that the saker falcon hunted gulls in the fields, not in their nesting colonies. Moreover, food analysis results clearly indicated that some pairs acquired their food by picking up dead animals they had found, or by stealing them from other raptor species. These were above all animals which had been killed as a result of human activity, during mowing or harvesting, or by road traffic, but also by illegal poisoning, for example by deliberate poisoning of small, groundbased mammals as bait (Figs. 13, 14) . It may be stated, therefore, that the saker falcon is to some extent a cadaverivorous species.
Kleptoparasitism was commonly observed in the monitored population as a way for the falcons to acquire food, similarly as is known in other areas where they occur (Braun & Lederer 1996 , Kovács et al. 2014 . In the course of nesting we saw individual parents take prey from common kestrels (Falco tinnunculus), western marsh harriers (Circus aeruginosus), common buzzards and other raptors. Young saker falcons having flown their nests also commonly attacked other raptor species, trying to take the prey they had hunted. On the other hand, we also recorded numerous instances of eastern imperial eagles, common buzzards, rough legged buzzards (Buteo lagopus), northern goshawks (Accipiter gentilis) and whitetailed seaeagles (Haliaeetus albicilla) snatching prey from saker falcons.
Moreover, we recorded one case of a common kestrel itself being hunted down, but without being consumed as food. In early May 2016 a male saker falcon was sitting by his nesting box with one of his young and noticed a kestrel fly up to its own box two pylons away. The falcon immediately took off and flew in attacking mode towards the rear of the kestrel's box, so as not to be observed. Then he made a sudden turn and managed to force the kestrel into the box (Fig. 15) . After a moment he flew out of the box again carrying the lifeless kestrel in his claws, but after about 30 metres he dropped the corpse on the ground and paid no more attention to it. It is interesting that the falcon did not take his catch back to his young. This was most likely a case of territorial behaviour, as kestrels often nastily harass saker falcons during the course of their nesting, and this may have given rise to the falcon's interest in ridding his brood of the kestrel's presence.
During the period 1976-2016 in western Slovakia and the period 1979-2016 in the eastern part of the country, we recorded nesting by a great majority of all the monitored pairs of saker falcons (we estimate that we checked practically all the pairs, in any case roughly 95-97% of nestings in the whole population). In western Slovakia we monitored nesting by 56 pairs, and between the years 1976 and 2016 we recorded a total of 514 nestings. In eastern Slovakia between the years 1979 and 2016 we recorded nesting by 32 pairs, and in the monitored period we recorded altogether 245 nestings there.
In conclusion we can briefly state the following: we have described the process and course of changes in the saker falcons' preferred nesting habitats in two geographical areas within Slovakia, and the move of the J Chavko  Fig. 15 . Attack by a male saker falcon on a common kestrel in which the death of the kestrel was recorded, although the attack was not associated with preyhunting behaviour. Obr. 15. Útok samca sokola rároha na sokola myšiara. Zdokumentované bolo usmrtenie sokola myšiara, pričom lov nesúvisel s potravovým správaním.
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nesting population from the hills and wetlands into agricultural countryside. We have compared the reproductive success rate among pairs nesting in trees and on rock outcrops with that achieved by pairs nesting in boxes and on platforms on power line pylons amidst farmland. We found significantly higher success rates among saker falcons nesting in agricultural country compared to those nesting in the uplands, with similar results in both monitored geographical areas (western and eastern Slovakia). In agricultural country an average of 81.1% of all nests were successful, producing on average 2.7 young per nest overall, or 3.3 young per successful nest. In the uplands on average 1.7 young flew from each nest overall, or 2.9 young per successful nest, with an overall success rate of just 57.1% nests.
We have compared the spectrum of prey hunted by saker falcons going back over the past 40 years and more within the monitored nesting areas of the Slovakian saker population, and also compared the range of prey with regard to the different orographic areas within Slovakia. We found that from 1980 onwards mammals (Mammalia) as a component of the falcons' diet became progressively less important than birds. The most frequently hunted prey species was the domestic pigeon, the incidence of which in the food spectrum amounted to 57% on average during the monitored period as a whole. There were also relatively frequent catches of starlings, common voles and hamsters. Together with the move of nesting pairs into the agricultural lowlands there occurred a change in the falcons' preference for certain species of mammal, with others assuming higher proportions in the falcons' diet. We also found differences in the diet composition of nesting falcons between the eight orographic areas studied in western and eastern Slovakia, as well as between the five subdivided time spans making up the whole monitored period when comparing the individual orographic areas. Whereas the common pigeon was clearly the highest represented prey species in the falcons' diet in all types of nesting biotope, in western Slovakia they hunted approximately double the number of pigeons compared with eastern Slovakia, where their lower share was compensated for with a higher incidence of the common vole. From all the pairs of saker falcon in the monitored period as a whole we gathered 17,669 samples of prey from 56 pairs (40 nesting in lowland agricultural country, and 16 in upland and wetland forest areas).
The results of our identification of the range of threats faced by saker falcons demonstrate that in the interests of sustainability of the population it is neces-sary to accept that they are dependent on human management measures, especially the creation, restitution and maintenance of sufficient numbers of nesting boxes, as well as restoration of the former diversity among the falcons' original sources of prey, and diminution of the impact of human criminality. 8 1981-1983, 1990, 1998, 1999 0 1982, 1983, 1985-1987, 1989, 2000-2003 3 1980, 1984-1986, 1988, 1990-1992, 1995 
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